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a  b  s  t  r  a  c  t
Background:  Speckle  tracking  echocardiography  (STE)-derived  mitral  annular  displacement  (MAD)  uti-
lizes the  speckle  tracking  technique  to  measure  strain  vectors,  which  provides  accurate  estimates  of  left
ventricular  ejection  fraction  (LVEF).  Here,  we  investigated  a  link  between  STE-derived  MAD  and  LVEF  in
patients with  different  heart  diseases  and  evaluated  its  clinical  usefulness.
Methods:  This  study  included  266  outpatients  and  84  controls.  Of the  study  patients,  52  patients  had
ischemic  heart  disease  (IHD),  37  patients  had  dilated  cardiomyopathy  (DCM), 34  patients  had  hyper-
trophic  cardiomyopathy  (HCM),  74 patients  had  valvular  heart  disease  (VHD),  and  69  patients  had
hypertensive  heart  disease  (HHD).  STE  continuously  tracked  annular  motion  throughout  the  cardiac  cycle
in the  apical  4-  and  2-chamber  views.
Results:  In  all  participants,  the curvilinear  relationship  was  found  between  STE-derived  MAD  and  LVEF
(R2 =  0.642).  The  strong  correlation  between  STE-derived  MAD  and  LVEF  was  also  found  in the  patients
with  IHD  (R2 = 0.733,  p = 0.001)  and in  those  with  DCM  (R2 = 0.614,  p =  0.008).  However,  such  a  correlation
was  not  found  in the patients  with  HCM,  VHD,  or  HHD.
Conclusion:  The  speciﬁcity  in  the  correlation  between  STE-derived  MAD  and  LVEF  was  found  in patients
with  each  heart  disease,  which  should  be taken  into  account  when  assessing  these  parameters.
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The assessment of left ventricular systolic function is indis-
ensable in the management and prognosis of cardiac patients.
wo-dimensional echocardiography, which traces the left ventric-
lar endocardial borders at systole and diastole, is performed for
eft ventricular ejection fraction (LVEF) measurements. The quan-
iﬁcation of LVEF is highly dependent on image quality and thus
nﬂuenced by the sonographer’s expertise.Some investigators have proposed the use of mitral annular dis-
lacement (MAD), a fast and independent means of endocardial
eﬁnition available in the majority of patients [1–4]. Conventional
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M-mode and tissue Doppler imagings assess left ventricular lon-
gitudinal function based on longitudinal myocardial motion and
velocities at the mitral annulus [5,6], and these angle-dependent
imagings can track motion only in the direction of the ultra-
sound beam [7].  Nowadays, speckle tracking echocardiography
(STE) tracks motion in any direction using its unlimited plane ori-
entation and represents left ventricular longitudinal function [8].
Tsang et al. [7] have conducted a study on patients with reduced
LVEF (the mean LVEF, 41%) and demonstrated that STE-derived
MAD  can accurately estimate LVEF. To date, no study has fully clari-
ﬁed the association between STE-derived MAD  and LVEF in patients
with preserved LVEF. One earlier study reported that patients with
asymptomatic diastolic dysfunction and those with diastolic heart
failure had impaired longitudinal systolic function even though
they had preserved LVEF ≥50% [9]. LVEF is not always correlated
with longitudinal function in heart disease. Here, we investigated
if there was a link between these two  parameters in patients with
various heart diseases and assessed the clinical usefulness of STE-
derived MAD.
vier Ltd. All rights reserved.
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Fig. 1. Speckle tracking echocardiography (STE)-derived mitral annular displacement (MAD) was measured in the apical 4-chamber view. Three regions of interest were
placed, two regions at the mitral annulus where it meets the lateral and septal leaﬂets and the third region of interest at the apex. The motion of annular regions of interest
toward  the apex was measured individually along with the displacement of the midpoint between the two annular regions of interest. Displacement, which appears from
end  diastole to end systole, was displayed as a color band (color kinesis). (a) One control (45 years old) had 65% left ventricular ejection fraction (LVEF) and 17.2% STE-derived

















This study included 266 outpatients who presented to the St.
arianna University School of Medicine Hospital, Japan, between
ctober 2009 and January 2010 and 84 controls. Of the study
atients, 52 had ischemic heart disease (IHD), 37 had dilated car-
iomyopathy (DCM), 34 had hypertrophic cardiomyopathy (HCM),
4 had valvular heart disease (VHD), and 69 had hypertensive heart
isease (HHD). IHD was determined when a patient had evidence
f previous myocardial infarction and ischemic cardiomyopathy
s evidenced by reduced LVEF and greater LV dimensions. VHD
ncluded moderate to severe aortic valve stenosis and mitral valve
egurgitation (MR). Patients with mitral valve replacement, atrial
brillation, left bundle branch block, and congenital heart disease
ere excluded from this study. HCM, HHD, and VHD patients with
educed LVEF were also excluded from this study.Echocardiography
Echocardiography was performed using a commercially
available ultrasound machine (iE33, Philips Medical Systems,
Andover, MA,  USA) equipped with a broad-band transducer.
Two-dimensional echocardiography measured left ventricular
dimension, volume, and wall thickness according to the recom-
mendations by the American Society of Echocardiography [10]; the
standard formula was used to calculate the left ventricular mass
index. The left atrial volume was measured from the apical 4- and
2-chamber views based on the biplane area-length method. Pulsed-
wave Doppler measurements of transmitral ﬂow assessed global
diastolic function. The Doppler index, the early diastolic (E) and
late diastolic (A) mitral ﬂow velocity waves were also calculated.
E-wave deceleration time was  measured from the time taken from
the maximum E point to baseline. The peak systolic mitral annular
velocity (S′) and the peak early diastolic mitral annular velocity (E′)
were derived from the mean values obtained at the both septal and
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Table  1
Echocardiographic characteristics.
Normal (n = 84) IHD (n = 52) DCM (n = 37) HCM (n = 34) VHD (n = 74) HHD (n = 69)
Age 67.5 ± 13.4 67.0 ± 12.4 67.7 ± 15.3 66.6 ± 13.2 67.1 ± 16.0 66.7 ± 14.5
Sex  (M/F) 50/34 40/12 32/5 30/4 49/25 49/20
SW  thickness (mm) 8.1 ± 1.4b,c ,d ,e , f 9.4 ± 2.2a 9.8 ± 2.2a 11.8 ± 2.9a,b,c ,e , f 9.2 ± 1.4a 10.0 ± 1.4a
PW thickness (mm)  8.3 ± 1.3b,c ,d ,e , f 9.6 ± 2.0a 9.8 ± 2.1a 10.4 ± 2.2a 10.2 ± 1.3a 10.5 ± 1.2a
LVDd (mm) 43.6 ± 4.1b,c ,e , f 47.5 ± 7.2a 49.1 ± 10.0a,d,e , f 43.7 ± 7.0c,f 47.4 ± 7.5a,c 47.0 ± 5.1a,c ,d
LVDs (mm)  27.8 ± 3.7b,c , f 32.6 ± 9.2a,c ,d 37.6 ± 9.8a,b,d ,e , f 27.5 ± 4.9b,c 29.5 ± 4.2c 28.8 ± 4.2a,c
LVEF (Simpson) (%) 68.9 ± 6.8b,c 42.4 ± 6.3a,d,e , f 40.2 ± 4.0a,d,e , f 66.9 ± 6.8b,c 67.4 ± 6.7b,c 67.5 ± 6.5b,c
LVFS (%) 38.5 ± 6.6b,c 32.0 ± 10.5a,c ,d ,e , f 24.6 ± 7.6a,b,d ,e , f 36.9 ± 5.7b,c 37.7 ± 6.0b,c 37.8 ± 5.2b,c
LV mass index (g/m2) 72.6 ± 14.1b,d,e , f 96.6 ± 26.0a,c ,e , f 90.6 ± 25.2a,b,d ,e , f 113.1 ± 40.3a,b,c 101.7 ± 28.0a,b,c 105.1 ± 16.5a,b,c
LAD (mm)  32.3 ± 5.5b,c ,d ,e , f 38.1 ± 6.5a 39.6 ± 7.4a 36.5 ± 5.6a 38.0 ± 8.6a 36.5 ± 5.7a
LAVI (ml/m2) 20.1 ± 6.8b,c ,d ,e , f 27.6 ± 11.2a,d,e , f 30.1 ± 14.1a 32.1 ± 8.4a,b 34.7 ± 9.3a,b, 32.2 ± 9.6a,b
E/A 1.2 ± 0.6b,d,e 0.8 ± 0.3a,e 1.1 ± 0.8 1.0 ± 0.4a 1.0 ± 0.6b 1.0 ± 0.4
Dct  (msec) 211.5 ± 57.4 223.3 ± 54.9 218.7 ± 64.8 249.7 ± 84.7 236.5 ± 91.0 216.0 ± 53.4
E′ (cm/s) 9.4 ± 2.9b,c ,d ,e , f 7.6 ± 2.0a,d,e , f 7.3 ± 2.0a,d,e , f 6.0 ± 2.0a,b,c 6.4 ± 2.4a,b,c 6.0 ± 2.2a,b,c
E/E′ 8.3 ± 2.5b,c ,d ,e , f 11.9 ± 5.2a,d,e , f 12.3 ± 6.2a,d,e , f 13.7 ± 6.3a,b,c 13.4 ± 7.5a,b,c 13.4 ± 3.7a,b,c
S′ (cm/s) 9.5 ± 2.0b,c ,d ,e , f 7.3 ± 1.4a 6.9 ± 1.9a 6.9 ± 1.7a 6.7 ± 1.4a 6.8 ± 1.1a
STE MAD  (%) 16.9 ± 1.7b,c ,d ,e , f 11.8 ± 3.2a,d,e , f 10.4 ± 3.4a,d,e , f 12.0 ± 1.7a,b,c 12.7 ± 2.5a,b,c 12.5 ± 2.8a,b,c
MAC 0/84(0%)e,f 2/52(4%)e,f 2/37(5%)e,f 1/34(3%)e,f 31/74(42%)a,b,c ,d 23/69(33%)a,b,c ,d
IHD, ischemic heart disease; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; VHD, valvular heart disease; HHD, hypertensive heart disease; SW,  septal
wall;  PW,  posterior wall; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; LVFS, left ventricular
fractional shortening; LAD, left atrial diameter; LAVI, the left atrial volume index; E/A, the ratio of early diastolic (E) and late diastolic (A) transmitral ﬂow velocities;
Dct,  deceleration time of E wave velocity; E/E′ , the ratio of early diastolic transmitral ﬂow velocity to early diastolic mitral annular velocity; STE MAD, speckle tracking
echocardiography derived mitral annular displacement; MAC, mitral annular calciﬁcation.
a P < 0.05 vs. normal.
b P < 0.05 vs. ischemic heart disease.































ad P < 0.05 vs. hypertrophic cardiomyopathy.
e P < 0.05 vs. valvular heart disease.
f P < 0.05 vs. hypertensive heart disease.
ateral mitral annulus in the apical 4-chamber view by placing a
ample volume at the sample size of 8 mm.
ssessment of long-axis function by STE-derived MAD
STE measured strain vectors and assessed long-axis func-
ion. Longitudinal shortening was measured in the apical 4- and
-chamber views. All participants underwent two-dimensional
oppler imaging with a harmonic transducer, and the obtained
mages were stored as digital cine loops and analyzed by Off-line
LAB software (Philips Medical Systems). The frame rate was
ptimized to achieve a frame rate >60 Hz. In the apical 2-chamber
iew, the anterior and inferior aspects of the mitral annulus and the
pical myocardium were selected. In the apical 4-chamber view,
he hinge points of the mitral valve leaﬂets with the septal and
ateral aspects of the mitral annulus and the apical myocardium
ere selected. Three regions of interest (ROI) or points were placed.
OIs were tracked during cardiac motion; then, we measured the
otion of the annular ROI toward the apex individually and the
isplacement of the midpoint between the two annular ROIs. Dis-
lacement of the midpoint toward the apex was directly expressed
n millimeters. The total displacement was expressed as a ratio
f the longitudinal chamber length at end-diastole in order to
ormalize the displacement of left ventricular length in individual
entricular size. MAD  was derived from the mean values obtained
n the apical 4- and 2-chamber views. Parametric images of mitral
nnulus excursion at diastole and systole were also provided.
isplacement, which appears from end diastole to end systole,
as displayed as a color band (color kinesis) and quantitatively
onﬁrmed by reduced amplitude of the time curves, resulting in
ower STE-derived MAD  values. The maximum displacement was
ncluded in this study (Fig. 1).tatistical analysis
Statistical analysis was performed with commercially avail-
ble software (SPSS 18.0 software, SPSS Inc., Chicago, IL, USA). Allcontinuous data are reported as mean ± SD, and categorical data
as percentages. Differences in categorical variables were assessed
with one-way analysis of variance with Tukey’s and Fisher’s post
hoc tests. The level of p < 0.05 was considered statistically signif-
icant. The relationship between STE-derived MAD  and LVEF was
assessed by the regression analysis. Both interobserver and intraob-
server variabilities for STE-derived MAD  were obtained by analysis
of 20 random images by one independent blinded observer and
by the other observer at two different time points. The results
were analyzed by both an intraclass correlation coefﬁcient and the
Bland–Altman method.
Ethics
This study was  performed in accordance with the ethical prin-
ciples set forth in the Declaration of Helsinki. The study protocol
was approved by the St. Marianna University School of Medicine
Institutional Committee on Human Resource, Kawasaki, Japan. The
participants were well informed prior to the test; written informed
consent was  obtained.
Results
Baseline characteristics and echocardiography
Baseline echocardiographic characteristics are shown in Table 1.
Mitral annular tracking and the quantiﬁcation of STE-derived MAD
were achieved in all participants within 10 s. No signiﬁcant differ-
ences in age or gender were found between the patients with each
heart disease and the controls. LVEF was  signiﬁcantly lower in the
patients with DCM (40.2 ± 4.0%) and in those with IHD (42.4 ± 6.3%).
The left ventricular mass index was signiﬁcantly higher, E wave was
lower, and the E/A ratio was signiﬁcantly higher in the patients with
HCM, VHD, and HHD, respectively, suggesting that diastolic func-
tion should be reduced. STE-derived MAD  was  signiﬁcantly reduced
in the patients with DCM and in those with IHD. STE-derived MAD
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Fig. 3. Relationships between speckle tracking echocardiography (STE)-derived
mitral annular displacement (MAD) and left ventricular ejection fraction (LVEF)
in  the younger and older patients. When the patients were divided into
the <60-year-old or ≥60-year-old group, curvilinear relationships were found
between STE-derived MAD  and LVEF in both age groups (<60, R2 = 0.618; ≥60,
2itral annular displacement (MAD) and left ventricular ejection fraction (LVEF).
n  all participants, a curvilinear relationship was found between STE-derived MAD
nd  LVEF (R2 = 0.642, p < 0.0001).
as reduced in the patients with HCM, VHD, and HHD compared
ith the controls.
elationship between STE-derived MAD  and LVEF
In all participants, the curvilinear relationship was  found
etween STE-derived MAD  and LVEF (R2 = 0.642; Fig. 2). The strong
orrelation between these two parameters was  found in the
atients with IHD (R2 = 0.733, p = 0.001) and in those with DCM
R2 = 0.614, p = 0.008). However, such a correlation was not found in
he patients with HCM, VHD, or HHD (Table 2). In the present study,
any patients revealed reduced STE-derived MAD even though
hey had preserved LVEF. When the study patients were divided
nto the <60-year-old or ≥60-year-old group, a curvilinear rela-
ionship was found between STE-derived MAD  and LVEF in both
ge groups (<60, R2 = 0.618; ≥60, R2 = 0.651; Fig. 3).
orrelation between STE-derived MAD  and S′
We  analyzed the association between STE-derived MAD  and S′
n all participants, resulting in a signiﬁcant correlation (r = 0.611;
ig. 4).
bserver variabilitiesThe intraobserver agreement for STE-derived MAD was good,
ith an average difference of −0.05% ± 0.74% (mean ± 2 SD)
etween repeated measurements based on the Bland–Altman
able 2
orrelation between left ventricular ejection fraction and speckle tracking echocar-
iography derived mitral annular displacement.
R2 p-Value
Ischemic heart disease 0.733 0.001
Dilated cardiomyopathy 0.614 0.008
Hypertrophic cardiomyopathy 0.174 0.052
Valvular heart disease 0.239 0.001
Hypertensive heart disease 0.301 0.001R = 0.651).
analysis (Fig. 5a). Intraclass correlation coefﬁcient (1, 1) for
intraobserver comparisons was 0.88. Similarly, the agreement of
measurements made by 2 different observers was  good, with an
average difference of −0.14% ± 1.0% based on the Bland–Altman
analysis (Fig. 5b) and intraclass correlation coefﬁcient (2, 1)
of 0.82.Fig. 4. Correlation between speckle tracking echocardiography (STE)-derived mitral
annular displacement (MAD) and the peak systolic mitral annular velocity (S′).
We  investigated an association between STE-derived MAD and the peak systolic
mitral annular velocity in all participants, resulting in a signiﬁcant correlation
(r = 0.611).














































gig. 5. (a) Bland–Altman analysis, Reader 1. Intraclass correlation coefﬁcients (1, 1
land–Altman analysis, Reader 1 vs. Reader 2. Intraclass correlation coefﬁcients (2, 
iscussion
VEF and longitudinal function
LVEF is a most extensively investigated echocardiographic
arameter and a clinically useful index for assessments of systolic
unction [11]. Patients with HHD, VHD, and HCM tend to have dete-
iorated longitudinal systolic function despite preserved LVEF. Of
hese, the majority of HHD patients with preserved LVEF have sub-
linical systolic dysfunction [12,13]. One study has demonstrated
hat 10% of the asymptomatic hypertensive patients with preserved
VEF have impaired longitudinal function [14]. Another study has
emonstrated that radial strain in the inner half layer of the LV
all decreases in hypertensive patients [15]. These ﬁndings reﬂect
ubendocardial ﬁber impairments. Reduced longitudinal function
s reported in patients with MR  [16], those with moderate-to-severe
ortic valve stenosis [17], and those with HCM [18–21] even though
hey have preserved LVEF. In the present study, we also found
educed STE-derived MAD  in patients with HHD, VHD, and HCM
ith preserved LVEF who have often subclinical longitudinal sys-
olic dysfunction. The strong correlation between STE-derived MAD
nd LVEF was not found in these patients, supporting the theory
hat LVEF is not always correlated with longitudinal systolic func-
ion in all heart disease.
peciﬁcity of STE-derived MAD
Two-dimensional STE can quantify myocardial strain simultane-
usly in different left ventricular segments with angle-independent
ltrasound beam using tracking acoustic pixels equally distributed
ithin the myocardial wall. Global longitudinal strain is linearly
elated with biplane LVEF in patients with coronary artery disease
22]. In the present study, the good correlation between STE-
erived MAD  and LVEF was found in the patients with coronary
rtery disease. LVEF and longitudinal function were not identical
n all patients, but rather reﬂected different aspects of systolic left
entricular function. The weak correlation between longitudinal
unction and LVEF was found in the patients with HHD and in those
ith VHD, although, no signiﬁcant correlations were found in those
ith HCM despite their diastolic dysfunction. The poor correlation
s multifactorial. In the present study, the patients with HCM, VHD,
nd HHD had a relatively narrow range of LVEF, which affected the
bility of STE-derived MAD  to distinguish these patients (Fig. 2).
ome patients with diastolic dysfunction have preserved LVEF and
educed longitudinal function. The weak correlation attributes to
he fact that diastolic dysfunction can be related to reduced longitu-
inal function even in patients with preserved LVEF. Yip et al. [23]
nd Vinereanu et al. [9] have demonstrated the clear correlation
etween the S′ and E wave with r value 0.7–0.8. This ﬁnding sug-
ests that energy generated during systole should be converted to (0.85–0.99); 95% coefﬁcient, −0.38 to 0.29; and Y = −0.075 + 0.002X (p = 0.97). (b)
2 (0.72–0.97); 95% coefﬁcient, −0.22 to 0.71; and Y = −0.83 + 0.095X (p = 0.30).
restoring forces, leading to early diastolic suction and ﬁlling [24,25].
An increase in the A wave leads to a descent of the base of the heart,
further longitudinal stretch. It may  in turn increase longitudinal
systolic velocities through the Frank–Starling mechanism. Patients
with HCM without left ventricular systolic dysfunction demon-
strated decreased longitudinal strain and increased circumferential
strain, resulting in maintained LVEF [26]. Therefore, a compen-
satory increase in circumferential shortening may  be essential for
maintaining LVEF, even in the presence of a decrease in longitudinal
shortening [27]. In addition, mitral annular calciﬁcation indepen-
dently affects MAD. In the present study, the number of VHD and
HHD patients with mitral annular calciﬁcation was greater than
that of those with the other diseases, which can be related to the
poor correlation between STE-derived MAD  and LVEF.
Clinical usefulness of STE-derived MAD
It has not been fully investigated how often STE-derived global
longitudinal strain is used in routine clinical practice and how
many sonographers select STE-derived global longitudinal strain
for assessments of cardiac function. Longitudinal function is use-
ful for the evaluation of left ventricular function; however, it is
still controversial and not commonly used in the clinical setting.
S′ may  be inaccurate in some cases because it can be detected only
in the direction of the ultrasound beam. Moreover, S′ is confounded
by cardiac translation. In the present study, we found a good
correlation between STE-derived MAD  and S′ in all participants.
STE-derived MAD  provides theoretically accurate assessments of
global longitudinal systolic function compared with S′ calculated
by tissue Doppler imaging. We  thus recommend the use of STE-
derived MAD  for the evaluation of longitudinal systolic function,
which can be performed in most patients because echo-dense
structure easily detects the mitral annulus. STE-derived MAD  can
also visualize and track the mitral annulus even in patients who
have poor image qualities with inadequate visualization in the
endocardium and the left ventricular apex. It takes only 15 s to
complete the whole procedure including tracking, measuring, and
reporting STE-derived MAD; therefore, it provides fast, repro-
ducible, user-friendly, and accurate estimation of LVEF in the
majority of patients compared with a cardiac magnetic resonance
ejection fraction reference [7].  The STE-derived MAD technique is
also highly reproducible with low inter- and intra-observer vari-
ability.
Study limitationsInaccuracy of STE-derived MAD  in patients with atrial ﬁbrilla-
tion has been suggested because measured excursion of the mitral
valve should be highly variable from beat to beat [7].  This study
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undle branch block. We  had no problems in tracking septal motion
n patients with paradoxical septal motion because speckle track-
ng was performed in both the axial and lateral directions; however,
his is speculative. In this study, HCM, HHD, and VHD patients
ith reduced LVEF were excluded, and IHD was diagnosed when
 patient had reduced LVEF. In order to put our theory into prac-
ice, more patients with various LVEF should be included. Further
tudies with more data accumulation are thus called for.
onclusions
STE-derived MAD  provides easy, fast, and accurate assessments
f global longitudinal systolic function. This technique has low
nter-intraobserver variability. In the present study, the speciﬁcity
n the correlation between STE-derived MAD  and LVEF was found
n patients with each heart disease. This speciﬁcity should be taken
nto account when assessing these parameters in different heart
iseases.
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